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ABSTRACT
RELATIONSHIPS BETWEEN THE STOMACH WALL OF MOSQUITOES 
AND THE EXOGENOUS DEVELOPMENT OF MALARIA
Numerous species o f mosquitoes a re  in n a te ly  immune to  c e r ta in  
m ala ria l p a ra s i te s , although they  appear to  be m orphologically and 
b io lo g ic a lly  capable o f serving as vectors* E a r l ie r  in v e s tig a to rs  
tra c e d  the development o f  the  p a ra s ite  to  i t s  death in  the stomach 
n a i l  o f  re f ra c to ry  mosquitoes* In  su scep tib le  spec ies, oocysts de- 
veloped only  on the stomach! thus the  stomach n a i l  eras considered 
the  c r i t i c a l  t is s u e  in  determ ining the s u s c e p tib i l i ty  o f  a species. 
This in v es tig a tio n  has endeavored to  determine whether o r  no t the 
forces responsib le  fo r  the development o f the p a ra s ite s  in  suscep* 
t ib le  mosquitoes o r fo r th e i r  death in  re fra c to ry  species were con* 
fined  to  the  stomach wall*
The c r i t i c a l  stomach w all phase was b y p a sse d  by in je c tin g  the 
various exogenous stages (gametooytes, oocysts o f various ages, and 
sp o ro so ites) d ire c tly  in to  the  haemoooels o f both su scep tib le  and 
re fra c to ry  mosquitoes* The c r i te r io n  o f  development was the demon* 
s t r a t io n  o f v iab le  spo roso ites in the sa liv a ry  glands o f the expert* 
mental mosquitoes* The in fe o t iv i ty  o f  the  sporoso ites was proved in  
su scep tib le  v e rte b ra te  hosts* S e ria l sections were prepared from 
in je c te d  mosquitoes fo r dem onstrating the  s i t e s  o f  oooyst development,
vi
Two h o s t-p a ra s ite  combinations ware en^loyed so as to  preelude re s u lts  
th a t  app lied  to  unique a sso c ia tio n s  only.
The exogenous stages o f Plasmodium gallinaoeum , in je c te d  in to  
the  haemoooela o f  su scep tib le  Aedes aeg y p ti, developed and produced 
in fe c tiv e  spo roso ites in  the sa liv a ry  glands* Of the  2704 in je c te d  
mosquitoes, 22*7 per oent o f  the  348 in d iv id u a ls  th a t  survived were 
infected* Mo in fe c tio n  re su lte d  in  476 re fra c to ry  Culex p ip iens which 
survived from 6438 in d iv id u a ls  in je c te d  w ith  the same parasites*
Yiable spo roso ites were produced in  13*1 p er oent o f the sa liv a ry  
glands o f  466 su scep tib le  Aedes a lbop io tus which survived from 2404 
in d iv id u a ls  whioh were in je c te d  w ith the various exogenous stages of 
Plasmodium fa llax*  None o f the 489 re fra c to ry  Culex p ip iens surv iv­
ing from 2458 in d iv id u a ls  in je c te d  w ith  the same p a ra s i te s  were 
infected*
Oocysts were demonstrated developing in  a l l  body regions and 
In most t is s u e s  o f  A* aegypti whioh were s e r ia l ly  sectioned  7 and 8 
days follow ing haemoooel in je c tio n s  o f P« gallinaoeum * This develop* 
ment was independent o f  the stomach wall*
In view of these  r e s u l ts  i t  was concluded th a t  the t is su e s  o f  
the  stomach w all were n o t e s s e n tia l  to  the  development o f the para­
s i te s  in  the  su scep tib le  mosquitoesf n e ith e r  were the fo rces th a t  
caused the death o f the  p a ra s ite s  in  re fra c to ry  species confined to  
the  stomach wall* The t is su e s  o f the stomach wall were merely the 
f i r s t  in tim ate  re la tio n sh ip  between the  p a ra s ite s  and the mosquito*
v i i
INTRODUCTION
The re la tio n sh ip *  e x is tin g  between a p a ra s ite  and i t s  host a re  
as conplex as l i f e  i ts e lf*  Any in v es tig a tio n  d ireo ted  toward expos­
ing the  fa c to rs  involved In such an a sso c ia tio n  i s  doubly complicated 
in  th a t  the  fundamental biology o f no t one but two organisms* w ith  
a l l  t h e i r  complexities* must be analysed* The problem i s  fu r th e r  
involved in  th a t  most combinations which are o f  concern to  man are 
genealog ica lly  widely separated  (Christophers* 1954)* I t  i s  d i f f i ­
c u lt  enough to  study the  biology o f the  host* but even the  phases o f 
l i f e  cycles a re  obsoure* and some are  unknown* in  many o f our common 
and im portant endoparas itie  organisms * Once a  p a ra s i te  has en tered  
the host* i t s  development* a c t iv i t ie s *  physio log ica l and chemical 
responses* and l i f e  cycle a re  extrem ely d i f f i c u l t  to  determine or 
measure. Much of our knowledge regarding p a ra s i te s  has been de te r­
mined from c l in ic a l  ohanges exh ib ited  by the host and n o t from d ire c t 
observations o f the l iv in g  p a ra s i te . The evo lu tionary  h is to ry  o f 
p a ra s ite s  could be o f  value to  investiga to rs*  but even th is  s to ry  i s  
based p rim arily  on hypotheses* since p a ra s ite s  have l e f t  l i t t l e  o r no 
f o s s i l  record* as was tru e  o f h igher animals (Kellogg* 1913j Metcalf* 
1923* Huff* 1938 and 1943).
Very l i t t l e  i s  known regarding the s p e c if ic i ty  d isplayed by 
most p a ra s ite s  in  the  se lec tio n  o f th e i r  host} a lso  l i t t l e  i s  known
about the  s u s c e p tib i l i ty  o f the  h ost to  the  p a ra s i te .  The problem o f  
in n a te  immunity and s u s c e p t ib i l i ty  o f anim als to  d isease  has in tr ig u ed  
and perplexed studen ts o f biology since the time o f P asteu r and Koch, 
y e t no adequate explanation has been made fo r  th is  phenomenon except 
in  s in g le  and uncomplicated a sso c ia tio n s . Kuhn (1939) explained the  
immunity o f ra b b its  to  Oiyptooocous ho m inis on the b a s is  o f the ele~ 
ra te d  normal and fever tem perature of the  ra b b its . Six s tra in s  o f 
C. hominis did no t survive in  b ro th  a t  ra b b it  body and fever tempera­
tu re s  (102° -  107° F), whereas v iab le  c e l ls  increased  rea d ily  a t  mouse 
body tem peratures (95° 00 101° F ). Mice produced no fever from the 
experim ental in fe c tio n s . Angell e t  a l  (1990) found th a t  the  presence 
o f protooateohuic ac id  in c e r ta in  v a rie tie s  o f onions was responsib le  
fo r th e i r  re s is tan c e  to  smudge, caused by Colletotriohum  c ire in a u s .
This occurrence o f  a c id ity  was found to  follow  the Ifendelian p a tte rn  
o f in h e rita n c e . An exposition  o f the fo rces o r mechanisms involved 
in  n a tu ra l immunity o r s u s c e p tib i l i ty  would be o f g rea t importance in  
devising methods o f con tro l d irec ted  a g a in st p a ra s i t ic  d iseases. 
Although th is  c o n s titu te s  one o f the g re a te s t  unsolved problems in  
p a rasito logy , few in v e s tig a to rs  have been concerned w ith such in v e s ti ­
g a tions, e sp e c ia lly  in  animal p a ra s i te s .
Organisms o f  the  genus Plasmodium are unsurpassed as sub jec ts  
fo r  s tu d ies  on h o s t-p a ra s ite  re la tio n sh ip s  and have been popular 
experim ental sub jec ts  because o f  th e i r  economic im portance. They 
a tta c k  a  g rea t v a rie ty  of v e rte b ra te s , many o f whioh a re  w ell adapted 
to  the  labo ra to ry ! they a ttao k  many species and v a r ie t ie s  o f arthropods}
3they  have no f re e - liv in g  cycle to com plicate the maintenance o f the 
s t r a in s ;  they  invade the t is s u e s  o f both types o f  h o sts ; and y e t they 
d isp lay  a s p e c if ic i ty  o f host se le c tio n  equaled by few organisms (Huff, 
1929).
P a ra s ite  s p e c if ic i ty  i s  adequately  demonstrated by the mosquito- 
m alaria  re la tio n sh ip . I t  has long been known th a t  mosquitoes o f the 
genus Anopheles a re  the  only vecto rs of human m alaria , and fo r  th a t  
same period  of time the question has been asked, "Why a re  o th er mos­
qu itoes immune to  the human m alarias?". Most avian m alarias are tra n s ­
m itted  by mosquitoes o f the t r ib e  C u lic in i (Hewitt, 1940). Within 
these  groups there  a re  many species which e x h ib it extrem ely complicated 
s u s c e p tib i l i ty  p a tte rn s . Some are  h ighly  su scep tib le  to one o r more 
speoies o f m alaria  y e t may be n a tu ra lly  immune to c lo se ly  re la te d  
s t r a in s  (Huff, 1927, 1930 and 1931). O thers may be re fra c to ry  to a l l  
the species of m alaria  although they appear to  be w ell adapted, morpho­
lo g ic a lly  and b io lo g ic a lly , to  serve as a  h o st. What then are  the 
reasons fo r  these  varying s u s c e p tib i l i ty  adap tations?  What are the 
fa c to rs  th a t  con tro l s u s c e p tib i l i ty  and immunity? I t  i s  possib le  th a t  
any inform ation on the  fo rces c o n tro llin g  in fa c t iv i ty  of the d e f in i­
tiv e  host would be o f considerable help in  understanding the poten­
t i a l i t i e s  o f the  p a ra s ite  in the in term ediate  h ost. Some a u th o r i t ie s  
express the view th a t  the  two cycles may be more a lik e  than  has been 
considered. Tersian e t  a l  (1949) showed th a t  p rophylactio  drugs had 
s im ila r  ac tio n s a g a in st the p a ra s ite s  in  both types o f h o s t. Huff 
(1954) summarized the  observations on the  cytology o f exoery throcytic
4sch ison ts in  av iea  Plasmodium to g e th e r w ith an evaluation  o f recen t 
morphological and chemotherapeutic find ings whioh poin ted  to  s im ila r i­
t i e s  between schizogony and sporogony*
Soon a f t e r  the  d iscoveries o f  Roes (1398) and Grass! (1801) th a t  
m alaria  was tran sm itted  by mosquitoes, Stephens and C hristophers (1902) 
noted th a t  no t a l l  mosquitoes were equally  su scep tib le  to  the  disease* 
D arling (1910) noted th a t  a few in d iv id u a ls  o f a su scep tib le  species 
f a i le d  to  become in fec te d  even under the  most favorable conditions*
Be be lieved  they possessed an ac tiv e  immunity toward the parasite*
Many hypotheses were given as to  the cause fo r c e r ta in  mosquitoes 
escaping in fe c tio n  b u t only a few in v e s tig a to rs  have attem pted to  
explore the causes* Huff has made extensive s tu d ies  o f s u s c e p tib i l i ­
t i e s  and immunities o f the mosquitoes* In 19M he traced  the develop­
ment o f the p a ra s ite  to  i t s  death in  the t is su e s  o f the stomach w all 
o f  re f ra c to ry  mosquitoes* The rep o rt o f l il l ia m so n  and Zane (1937) 
Cu*ex bltaeniorhynohus serving as a host fo r  Plasmodium vivax and 
Plasmodium falc iparlum  i s  the  only record o f a suspected re fra c to ry  
species perm itting  the p a ra s ite  to  develop beyond these tissues*  This 
rep o rt has n o t been oonfim od by o th e r workers and no v e rteb ra te  host 
challenge was made of th e  infection*  There seems to  be no record o f  
oocysts developing in  t is s u e s  o ther than those of the stomach wall*
B all (1948) rep o rts  having kept oocysts a liv e  fo r 20 days on d issec ted  
stomachs in  v itro*  but l i t t l e  i f  any development was noted although 
they remained a ttached  to the stomach*
A fte r the discovery by Boss (1393) of the ro le  played by
mosquitoes in  the  transm ission  o f  Plasmodium, the  d e ta i ls  o f  the l i f e  
oyoles o f  the  p a ra s i te  in  both  the  v e rte b ra te  and in v e rteb ra te  host 
became so w ell known and w idely accepted th a t  the l i t e r a tu r e  now ta o l t ly  
gives the  im pression th a t  the stomach w all i s  e s s e n t ia l  to  the develop** 
meat o f the  ooeysts and th a t  the p a ra s ite  can n o t deviate  from the 
rou tine  pattern*  The stomach w all has been given a ro le  o f prime impor­
tance in  the  development o r  the  in h ib itio n  o f the  p a ra s ite  in  i t s  
exogenous cycle* In suoh a ro le  i t  i s  the  most im portant determining 
fa c to r  in  the s u s c e p tib i l i ty  of mosquitoes* Under n a tu ra l conditions 
th is  i s  e s s e n t ia l ly  t ru e i  the stomach w all seems to  determine whether 
the  mosquito becomes in fec te d  or n o t. Since th is  c r i t io a l  t is su e  plays 
such an Im portant p a rt in  the  s u s c e p tib i l i ty  of mosquitoes, an evalua­
tio n  o f i t s  ro le  was in d ica ted  as the  f i r s t  step in  studying n a tu ra l 
immunity to  malaria* Several possib le  explanations regarding  the 
funotion o f the stomach w all were considered* In re fra c to ry  mosquitoes, 
the t is s u e s  might have formed a simple mechanical b a r r ie r ,  o r they might 
have possessed lo ca l o r t is s u e  immunity fa c to rs , confined to  the  stomach 
wall* Death o f the p a ra s ite  might have been caused by the lack  o f essen­
t i a l  m etabo lites , a c tio n  of a n ta g o n is tic  fo rces, o r combinations o f these  
forces* In su scep tib le  nosquitoes, the fo rces responsib le  fo r  the  devel­
opment o f the  p a ra s ite  might have been confined to  the  stomaoh w all, 
making th is  t is s u e  e s se n tia l  to  th e  p arasite*
The p resen t in v es tig a tio n  has been concerned w ith determining the 
ro le  o f the  stomach w all in  the  development o f the  exogenous cycle o f 
m alaria* In seeking an approach to  the problem, severa l questions arose
6which determined the  experim ental procedures. Could the  p a ra s ite  con* 
tin u e  i t s  development i f  the  o r i t io a l  t is s u e s  o f  the stomach w all were 
by-passed? Could oocysts o f  varying ages survive in  the haemocoel o f 
re fra c to ry  mosquitoes? Could sp o ro so ite s , w ith no fu r th e r  development 
to  undergo, survive in  such an environment? Could any stage , from 
gametocyte to  mature spo roso ite , survive in  the haemoooels o f e i th e r  
su scep tib le  o r re f ra c to ry  species?
The fo rces responsib le  fo r  s u s c e p tib i l i ty  o r n o n -su sc e p tib ility  
have not been exposed in  experiments reported  here. This i s  but one 
step in  a se r ie s  o f experiments designed to  in v es tig a te  these fo rces .
The experiments o f Huff, which were p re re q u is ite  to th is  in v es tig a tio n , 
traced  the development o f the p a ra s ite  in  re fra c to ry  mosquitoes as fa r  
as was possib le  under n a tu ra l conditions o f in fe c tio n . This work 
attem pts to extend th a t  development, experim entally , beyond the c r i t i ­
cal po in t o f the stomach w all and give the p a ra s ite  a chance to  develop 
w ithout passing through th is  t is s u e .
B rie fly , the re s tilts  of these experiments show th a t ,  although the 
forces required  fo r  p a ra s ite  development in  suscep tib le  mosquitoes and 
those responsib le  fo r  death in  re fra c to ry  species are  p resen t in  the  
t is su e s  o f the stomach w all, they are no t confined to  th is  organ but 
are p resen t in  o th er body t is s u e s .  The stomach w all i s  merely the f i r s t
I
in tim ate  a sso c ia tio n  between the p a ra s ite  and the new h o st. For the
^Prelim inary re s u lts  of the f i r s t  h o s t-p a ra s ite  combinations 
have been published. Weathereby (1952).
7f i r s t  tim e, oocysts were demonstrated developing In t is s u e s  o th e r than 
those o f the stomach m i l  o f  su scep tib le  m osquitoes. Oocysts were 
found in  a l l  body regions and in  most t is s u e s  o f the experim ental 
m osquitoes.
MATERIALS AMD METHODS
Th© mosquitoes used in  these  experiments were no t merely to o ls  
fo r  the propagation and t r a n s fe r  o f p a ra s ite s  but were t ru ly  l&bora- 
to ry  anim als. They were the  sub jec t o f the research  problem and as 
such were requ ired  to  be normal, vigorous, and healthy  in d iv id u a ls .
Every e f f o r t  was made to  produce a d u lt mosquitoes whioh were maximum 
in  s is e  and capable of surv iv ing  the  rigorous treatm ent required  fo r  
the  experim ental anim als. Since the experimental animal was so impor­
ta n t  in  th is  in v e s tig a tio n , the methods used in  the  in  sec ta ry  are  
described  in  more than the usual d e ta i l .
Laboratory s t r a in s  o f Aedes aegypti (L in n .), Aedes albopiotue 
(Skuse), and Culex p ip iens Linn, were used throughout these  experi­
ments. They were m aintained a t  a  constant tem perature o f 80° F. and 
a r e la tiv e  hum idity of 70 p er cen t.
Aedes aegypti have been m aintained in  th is  labo ra to ry  continu­
ously fo r the p a st seven years . The stock colonies were kept in  screen 
wire cages 12 x 14 x 14 inches and were populated w ith  about 1000 
ind iv idua l mosquitoes, approxim ately equally  divided as to  sex. Oranges, 
one q u a rte r  per cage, were supplied  to  the  mosquitoes on a lte rn a te  days 
and a constan t supply o f  w ater was provided in a c ry s ta l l is in g  dish  
9 cm. in  diam eter and 6 cm. deep. The stock mosquitoes were allowed
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9to  food on a normal chick tw ioe p er week* O viposition  began the  th ird  
day follow ing the  blood meal and the  eggs were o v ip o sited  on two-inoh 
s t r ip s  o f paper tow eling whioh lin ed  c ry s ta l l iz in g  d ishes, one-ha lf 
f u l l  o f w ater. The egg dishes were removed on the  s ix th  day follow ing 
the  blood meal. The w ater was removed and the d ish  was covered w ith a 
p e t r i  d ish  to p . The eggs were allowed to  dry g radually  in  the  d ish , 
a f t e r  which the egg s t r ip s  were s to red . The dry eggs remained v iab le  
fo r  long periods o f tim e, up to  4 months o r  longer. The eggs hatched 
in  a m atter o f minutes a f t e r  being placed in  w ater. The add ition  o f a 
few oubio centim eters o f o ld  cu ltu re  w ater aooelera ted  the hatching .
The f i r s t  in s ta r  larvae  were se t up in  one-gallon  mouse Ja rs  to 
which two q u a rts  o f tap  w ater, one guinea pig  food p e l le t ,  and 10 oc. 
o f o ld  c u ltu re  w ater were added. Approximately 300 larvae  were added 
to  each J a r .  Care was taken not to  overpopulate the c u ltu re s . An addi­
tio n a l food p e l le t  was added to each Ja r  on a lte rn a te  days u n t i l  th e  
larvae a tta in e d  the 4 th  In s ta r  stage, a t  which time the  food p e lle ts  
were increased  to two. Pupation began the  7th  day follow ing hatching. 
The pupae were harvested on a lte rn a te  days u n t i l  pupation was completed. 
The c u ltu re s  were poured in to  w hite enamel pans fo r  e a s ie r  ha rvesting . 
The pupae were picked w ith  a specia l f la sk  ( f ig .  1) connected to  a 
vacuum lin e  o r a sp ira te d  by mouth. The pupae were s e t  up in  c ry s ta l­
l is in g  dishes and the imagos allowed to emerge in to  lu c i te  cy linders ,
4 inches in  diam eter and 6 inches high. These were covered a t  one end 
w ith bobbinet and secured to m etal stands by a strong rubber band. 
U sually 100 females and an equal number o f  males were kept in  a
xo
cylinder* These a d u lt mosquitoes were m aintained on a  4 per oent sugar 
so lu tio n  d ie t ,  supplied  in  a wide-mouth medicine dropper, In se rte d  
through a hole in  the bobbinst. The so lu tio n s  were changed d a ily .
The excess pupae and a d u lts , no t used fo r  experim ents, were added to  
stook oages.
Oulex p ip iens has been m aintained here fo r  the same leng th  o f 
time as A. aeg y p ti. The stock mosquitoes were m aintained as described 
^or £.* *«gyP*i except fo r  the blood m eals. These mosquitoes were more 
d i f f i c u l t  to  induce to  feed. The techniques o f Tate and Vincent (1932!) 
were used to  induce gorging. The cages o f mosquitoes were illum inated  
during the  n ig h t preceding the day they were to be fed . The influence 
o f the l ig h t  in ac tiv a te d  the  mosquitoes and they would gorge rea d ily  
when placed in  th e  dark. O viposition occurred 3 days follow ing the 
blood meal and the egg r a f t s  were ov iposited  on the  surface o f the 
w ater ra th e r  than on paper towel s t r ip s .  Since the eggs were no t 
adapted to  drying and s to rin g , they were used immediately. The eggs 
were hatched in the c ry s ta l l i s in g  dishes and the larvae  were se t  up in  
white enamel pans 10 x 16 x ^  inches. The cu ltu re  w ater and feeding 
schedule were the same as fo r A. aeg y p ti. The harvesting  o f pupae was
ouch f a s te r  and e a s ie r  w ith th i s  spec ies. The larvae and pupae were 
s tra in ed  from the  cu ltu re  w ater and placed in  water a t  4° C. The larvae 
sank immediately, while the pupae flo a ted  and were drawn o ff  w ith  the pupae 
f la s k . The larvae were retu rned  to  the cu ltu re  pans. There was no 
apparent damage to  the mosquitoes subjected to  the  cold w ater,
Aedes a lbop ictus was obtained from the Army Medical Center,
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Washington, D*C*, and haa been colonised  in  th i s  lab o ra to ry  fo r  the 
p a s t th ree  years* This i s  be lieved  to  be the  only  colony in  th is  
country a t  the  p resen t time* The cu ltu re  and handling was id e n tic a l 
w ith the techniques used fo r  A* aeg y p ti.
The 8A s t r a in  o f  Plasmodium gallinaoeum Brumpt was used in  the 
f i r s t  b o s t-p a ra s ite  combination experiments* I t  was m aintained in  
Rhode Is lan d  Red chickens and propagated e i th e r  by blood passage from 
in fec te d  b ird  to  normal b ird  o r by sporoso ites from in fec ted  mos­
quitoes* In fec ted  blood used fo r mosquito in je c tio n s  was obtained 
from b ird s showing a parasitem ia o f a t  le a s t  20 p er oent and a gams* 
toey te  count o f from 6 to  20 gametocytes per 10 o i l  immersion fie ld s*  
In general, b ird s  showing an ascending o r  p re c r is is  parasitem ia  were 
used as gametocyte sources*
The ISA s t r a in  o f  Plasmodium fa l la x  Schwets was used in  experi­
ments w ith  A, a lbop io tus and £• p ip iens * I t  was is o la te d  from the 
Uganda tu f te d  guinea fowl, Rural da m eleagris major, from the  Anglo- 
Rgyptian Sudan, in  1948 by Huff* I t  has been m aintained in  B e ltsv ille  
white turkeys and was propagated and used for mosquito in je c tio n s  in 
the same manner as described fo r P* gallinaoeum* The in fec te d  blood 
to be used fo r  in je c tio n s  was heparin lzed , mixed w ith  0*88 per oent 
sa lin e  and in je c te d  in to  the mosquitoes immediately*
The exogenous stages o f the p a ra s ite  o f  both P* gallinaoeum 
and JP* f a l la x  were obtained and prepared in the  same manner* The 
donor mosquito hosts were allowed to feed on an in fec te d  b ird  showing 
a  high gametocyte count* At appropria te  in te rv a ls  follow ing the blood
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meal, oocysts o f  varying ages were ob tained  fo r  in je c tio n s  by dissect** 
ing the  in feo ted  stomach in  0 .35 per oent saline* Those stomachs 
showing a heavy oooyst in fe c tio n  were tra n s fe rre d  to  fre sh  solutions* 
The stomachs were c leared  o f a l l  d eb ris  by a sp ira tin g  them in  and out 
o f a  a io ro p ip e tte , leaving  only the  th in  ou ter envelope (the tun ica  
e la s tio o -n u e o u la r is , G rassi, 1901), and a ttaohed  oocysts* The oooysts 
were no t e a s i ly  rup tured  by such m anipulation, but a few were found 
free  in  the  flu id*  The c leared  t is s u e s  w ith oocysts were tra n s fe rre d  
to  f re sh  sa lin e  in  a hanging drop s lid e  and cut in to  s t r ip s  o r sections 
containing 15 to  20 oocysts each* Oocysts o f a l l  ages* from 3 days old  
to  mature ones, were used fo r in jec tions*
The sporoso ites used fo r  in je c tio n s  in to  the mosquitoes were 
derived from sa liv a ry  glands of in feo ted  mosquitoes* These mosquitoes 
were d issec ted  in  0*85 per oent sa lin e  and the sa liv a ry  glands removed 
Immediately to  fresh  sa lin e  in  a hanging drop s l id e . From 2 to 4 p a irs  
o f  in fec ted  glands were d issec ted  fo r each mosquito to be in jected*
The sporoso ites were l ib e ra te d  from the glands by fo rc ing  them in  and 
out of a m icrop ipe tte .
The in je c tio n  needles (fig* 2) were made by heating a small a rea  
o f  6^ mm* pyrex g lass tubing  and drawing i t  out to the s ise  o f melting** 
po in t c a p i l la r ie s  (0*08 mm,). The tubing was then out approxim ately 
1^ inches from the p o in t o f the draw* The cap i l i a  ly  sec tio n  was then 
redrawn to approxim ately 50 ^  in  diam eter by passing a small sec tion  
across a minute flame while exerting  tension  in  opposite d irec tio n s  on 
the  cap illa ry*  The re su ltin g  long g lass " f ib e r"  was l e f t  a ttached
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u n t i l  th e  needle mas to  bo used. The po in t was then broken a t  the 
d esired  diam eter.
The m icroneedles were a ttach ed  to  a rubber tube vacuum lin e  in  
which two g lass "Ts* had been in se r te d  and mounted on the  l e f t  base o f 
a  ste reoscop ic  d isse c tin g  microscope ( f ig .  3 ) . A rubber bulb ( f ig .  3B) 
was placed  on the  open end o f th e  ”TW n e a re s t the  in je c tio n  needle.
The o ther ”T* ( f ig .  3A) was plaoed ahead o f the  bulb, and the open end 
remained exposed. The vacuum was ad justed  to  a very s l ig h t  negative 
p ressu re . The m a te ria ls  to  be in je c te d  were draim in to  the  needle by 
c losing  the  vacuum lin e  w ith  a s e r ie s  o f l ig h t  taps w ith the fin g er on 
the  open "T* ( f ig .  SA), being oare fu l no t to  remove the needle from 
the so lu tio n s  while the vacuum was closed . The f lu id  was expelled  by 
pinching the  vacuum l in e  ahead o f the  rubber bulb ( f ig .  3B) w ith  the 
l e f t  fo re fin g e r and ex ertin g  p ressure  on the  bulb . Several d if fe re n t 
types of in je c tio n  apparatus were t r ie d  before a s a t is fa c to ry  one was 
devised. In the  f i r s t  experim ents, the  needle was a c tiv a te d  by mouth 
a s p ira tio n .
The experim ental mosquitoes were deprived o f food and w ater 12 
to  24 hours p r io r  to  in je c tin g  so th a t  they would be able to receive 
the maxiimim amount o f  in je o tio n  so lu tio n s . In most o f the experiments 
the  mosquitoes were immobilised in  a r e f r ig e ra to r  a t  4° C, fo r  5 to  10 
m inutes. E ther and carbon dioxide gas were used as an es th e tic s  in a 
few prelim inary  experiments but required  a l i t t l e  to o  re  care in  handling. 
Approximately 20 mosquitoes, u su a lly  equal numbers from each species, 
were plaoed on a  d e a r  lu c i te  stage ( f ig .  3G), 1 Inch th ic k  and 3
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inches square* th a t  had been kept in  the  free sin g  compartment. Several 
stages were kept cold so th a t  a cold stage was ready fo r  each batch of 
mosquitoes to  be in je c te d . The cold stage kept the  mosquitoes Immobi­
l is e d  fo r  s u f f ic ie n t  time to  perm it in je c tio n s .
The in je c tio n s  were e ffe c te d  manually* since micro m anipulators 
were time-consuming and the  procedure was not so d e lic a te  as to demand 
such exacting  instrum ents. This was performed under the  d issec tin g  
microscope in  b rig h t illum ination* A fte r determining the s ise  o f the 
needle and the most su ita b le  s i t e  o f  insertion*  i t  was found th a t  few 
mosquitoes died because o f in ju ry  when needles under 80 /x in  diameter 
were used. Although severa l anatom ical areas were found su ita b le  fo r 
in jection*  le s s  damage* le s s  chance o f puncturing d iv e r tic u la  and 
foregut* and e a s ie r  m anipulation was noted when the needle was in se rte d  
in  the membranous p o s tsp ira c u la r  area* p o s te r io r  to  the mesothoraoio 
sp ira c le  ( f ig .  4 ) . The d irec tio n  o f the in se r tio n  was dorsal and 
p o s te r io r . Many o f  the  l a t e r  experiments using blood stages were not 
Injected* a f t e r  i t  was noted th a t  a drop of the so lu tio n  was drawn 
in to  the mosquito as i f  by vacuum when the membrane was broken o r 
p ierced  w ith the  needle. This technique insured no mechanical in ju ry  
to  the  in te rn a l  organs.
The mosquito to  be in je c te d  was impaled on the needle ( f ig .  2 
and 4) and the  f lu id  was forced in to  the  haemoooel u n t i l  the abdomen 
was fu l ly  d istended. The in je c te d  mosquito was then dropped in to  a 
cy lin d er cage* each species to  i t s  respec tive  cage. Approximately 
100 mosquitoes could be in je c te d  w ith  blood w ith in  50 minutes* Oooyst
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In je c tio n  requ ired  a longer period . When spo roso ites were being in ­
jec te d , a small drop of the suspension was examined under the micro­
scope. This was then allowed to dry and was s ta in ed  w ith Giemsa fo r  
a permanent record o f the inooulum. At the end o f the in je c tio n s  a 
normal chick, 70-100 grams, was inocu la ted  w ith the suspension as a 
t e s t  fo r  in f e c t iv i ty .
The hanging drop s lid e  containing the c leared  stomach sections 
and oocysts was plaoed on th e  o u te r area  of the cold stage so as to  
acc e le ra te  the in je c tio n s , Only the sec tions intended fo r  in je c tio n  
into a s in g le  mosquito were drawn into  the needle a t  one tim e, since 
the sec tions tended to c lin g  to g e th er, bqual inocu lation  of the mos­
qu itoes was not possib le  i f  a l l  sec tions were picked up together,
f tith in  20 to 30 minutes a f te r  in je c tio n s , 95 per cent o f the 
mosquitoes recovered and were able to  f ly .  The m o rta lity  was low fo r 
the f i r s t  day but was very high 24 to 36 hours a f te r  in je c tio n . Those 
ind iv idua ls surviving 36 to  40 hours u sually  recovered completely and 
th e i r  longevity  compared favorably w ith th a t  o f normal mosquitoes.
In many of the e a rly  experiiaanta the m o rta lity  was 100 per cent. I t  
was d i f f ic u l t  to account fo r  the high m o rta lity  in  some of the  experi­
ments.
S e r ia l  sec tions were made from mosquitoes 7 and 3 days following 
in je c tio n s  of chick blood contain ing  approxim ately 20 gametocytes per 
10 o i l  immersion f ie ld s .  The leg s , wings, heads, and term inal segments 
were removed from most mosquitoes to perm it b e tte r  f ix a tio n . They were 
in je c te d  w ith  Bouin's so lu tio n , plaoed momentarily in  8b per cent
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alcohol as a w etting  agent, and then dropped in to  the  Boilin 's. The
mosquitoes were fixed  according to  the follow ing schedule:
Boilin' s overn ight
85$ alcohol 24 hours
50$ w 24 hours
65$ * 24 hours
80$ * 24 hours
96$ ** 24 hours
Absolute a lcohol 24 hours
Xylol (2 changes) 1 to  2 hours
Xylol and 62° C. m elting-po in t
P a ra ff in  (equal p a r ts )  overnight
Xylol (25$). P a ra ff in  (76$) overnight
P a ra ff in  (2 changes) 24 hours
The mosquitoes were imbedded in  a high m elting-po in t p a ra ffin  
(62° C.) in  paper boats in  the usual manner. They were sectioned 
lo n g itu d in a lly  w ith  a  microtome a t  6 m th ickness. Some few sections 
were out as th in  ae 5/x w ith  very l i t t l e  d is to r tio n  o r overlapping 
o f t is s u e s .  The ribbons were fixed  to  the microscope e lid es  with 
egg albumen, s ta in ed  w ith  D e la f ie ld 's  hematoxylin and eosin  s ta in  
and technique, and mounted w ith balsam.
RESULTS
(A)* The Plasmodium gallinaoeum -  Aedes aegypti -  Culex plpiens 
combination a
These h o s t-p a ra s ite  combinations were chosen as sub jects fo r 
the  f i r s t  step  in s tu d ies  on innate  immunity o f mosquitoes because 
they rep resen ted  id ea l s u s c e p tib i l i ty  associations*  Under favorable 
cond itions, A. aegypti approached an in fe o t iv i ty  ra te  o f 100 per oent 
w ith  P* gallinaoeum, while £ .  pip lens had never been shown to  become 
in fec ted  w ith th i s  p a ra s ite  and, th e re fo re , i t s  known in fa c t iv i ty  
ra te  was sero* Both mosquitoes were well adapted to  labora to ry  
c u ltu res  and P* gallinaoeum was e a s ily  propagated and m aintained in  
the  domestic chioken*
The c r i te r io n  o f development o f the p a ra s ite  in the  haemocoela 
o f the in je c te d  mosquitoes was the  m icroscopic demonstration o f m otile 
sporoso ites in  the sa liv a ry  glands and the challenge of th e i r  v ia b i l i ty  
by inocu lations in to  su scep tib le  chicks*
1* The su scep tib le  h o st, Aedes a e g y p ti.-  I t  was necessary to 
demonstrate the  a b i l i ty  of the  exogenous stages of the p a ra s ite  to 
develop, a f te r  tra n sp la n ta tio n , in  the haemocoals o f suoeptib le  mos­
quitoes* This species served both as con tro ls  and as experimentals*
I f  the  stomach w all were e s s e n tia l  to the development o f the p a ra s ite s , 
b y p a ss in g  th is  organ in  e i th e r  the su scep tib le  o r re fra c to ry  host
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would preolude fu r th e r  development.
The re s u l ts  o f th i s  phase o f the  In v es tig a tio n  are  o lea r-ou t and 
way he s ta te d  b r ie f ly .  Viable spo roso ites were recovered from the 
sa liv a ry  glands o f  unfed A. aegypti th a t  had received haemoooel inoeola­
tio n s  o f  gametooytes, oocysts o f various ages, and mature spo roso ites,
A to ta l  o f 467 A, aegyp ti In  16 lo ts  was in je c te d  w ith spore* 
so ite s  ob tained  from sa liv a ry  glands o f mosquitoes o f  the  same species. 
A fte r a period  o f  3 o r  more days, the glands o f the  surviving mosquitoes 
were removed and examined fo r  sp o ro so ite s . The su rv iva l ra te  fo r these 
mosquitoes was 30,4 p e r cen t, and of the 142 in d iv id u a ls  th a t  survived, 
29 (20.4/4) possessed spo roso ites (Table X), Sporosoites were no t p re s­
ent in  these  glands in  la rge  numbers, probably because o f d i f f ic u l t ie s  
in  concen tra ting  them in  numbers equal to those found in  n a tu ra l in ­
fe c tio n s . Although these  spo roso ites appeared n om al and a c tiv e , there  
were in s u f f ic ie n t  numbers fo r  chick in o cu la tio n s , as was performed w ith 
the o th er s tag es .
There were 31 lo ts  (separa te  batches) o f A. aegypti, to ta lin g  
973 mosquitoes, which were in je c te d  w ith oocysts, ranging in age from 
3 days to  mature oooysts. Of these , 166 (16$) mosquitoes survived u n t i l  
d isse c tio n , and 37 (23,7$ o f the su rv ivors) showed sporoso ites in th e i r  
sa liv a ry  g lands. The sporoso ites were more numerous in  these glands 
than those in  the spo roso ite* in jeo ted  mosquitoes. Two lo ts ,  no t dls* 
sec ted , bu t fed  on and inocu lated  in to  su scep tib le  chicks, produced 
ty p ic a l in fections*
In fec ted  chicken blood having a  high percentage o f gametocytes
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(5 to  20 p e r 10 f ie ld * )  was in je c te d  in to  1264 mosquitoes in  20 separate 
lo ts*  The in fec te d  ohioken blood was the  most to x ic  o f the  m ateria ls 
in je c te d . Only 50 (5*9^) b lo o d -in jec ted  mosquitoes survived fo r  the 
time requ ired  fo r the  development o f spo roso ites (12 to  15 days). Some 
increased  m o rta lity  was expected, since the time requ ired  fo r develop­
ment from gametecyto to  sporoso ite  was much longer than th a t  w ith the 
o th e r s tag es . The slow ra te  o f breakdown o f the  blood and elim ination  
o f the waste may be responsib le , in  p a r t ,  fo r  th is  to x ic i ty .  The over­
loading o f the  c irc u la to ry  system w ith  so many c e l ls  capable o f absorb­
ing oxygen may have had a ro le  in  the m o rta lity . The su rv iva l ra te  
increased as the  experiments progressed, probably because o f improved 
techniques. There were 12 (24/&) mosquitoes p o s itiv e  fo r spo roso ites.
In each mosquito the glands were heav ily  in fec ted  and the sporosoites 
were proved v iab le  by inocu la tions in to  chickens. A ll chicks developed 
ty p ic a l in fe c tio n s .
2. Demonstration o f the ectop ic  development o f  oocysts.-  The 
c r i te r io n  o f development by the microscopic demonstration o f sporo­
so ite s  in  the sa liv a ry  glands and proof of th e i r  v ia b i l i ty  in  sus­
cep tib le  chicks were no t s u f f ic ie n t  evidence th a t  the  stomach w all 
t is su e s  were not e s s e n tia l  to  the  developing p a ra s i te . I t  was neces­
sary to  date  m ine  the s i te s  o f the developing oocysts. Were they 
a ttach in g  to  any p a r t ic u la r  organ or t is s u e  o r were they f lo a tin g  
free  in  the  haemolymph? I t  was possib le  th a t  the ookinetes were 
a ttach in g  to  the stomach and th a t  only these p a ra s ite s  were developing 
and producing the  v iab le  sp o ro so ite s . I f  th is  were tru e  i t  would
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in d ic a te  the e s s e n t ia l  n a tu re  o f the stomach wall* Examinations of 
stomachs o f mosquitoes being te s te d  fo r  spo roso ites f a i le d  to  reveal 
evidence th a t  oocysts developed on th i s  organ* There were no immature 
p a ra s ite s  o r  o ld  oooyst " sh e lls* ” Developing oocysts, even mature ones, 
would have been d i f f i c u l t  to  f in d  in  gross d issec tio n s  o f  fre sh  mos­
quitoes* S e r ia l  sec tions seemed to  be the  procedure indicated*
In fec ted  chicken blood w ith  high percentages o f gametooytes was 
in je c te d  in to  182 mosquitoes in  5 separate  lo ts*  From each lot* IS to 
55 mosquitoes were fix ed  and prepared fo r sec tion ing  on the  seventh and 
e igh th  days follow ing in jec tion*  At th is  age the oocysts would be about 
maximum size  and be e a s ie r  to  find* The remaining mosquitoes in  the 
cage were d issec ted  on the 12th day and the sa liv a ry  glands examined 
fo r  sporosoites* The f i r s t  s e r ie s  p resented  such a l ig h t  sporosoite 
In fec tio n  th a t  the fixed  specimens were not sectioned . The d issec ted  
mosquitoes from the second se r ie s  presented  7 p o s itiv e  glands out o f 
17 survivors* There had been 33 mosquitoes from th is  se r ie s  fixed  and 
imbedded 7 and 8 days follow ing in jection*  These mosquitoes were then 
s e r ia l ly  sectioned* stained* and mounted* Of these* 17 (51*6$) con* 
ta in ed  oocysts (Table I I )* Oocysts were found in 6 out o f  19 mosquitoes 
sectioned  from the th i r d  se ries*
Oocysts were found developing in  most t is su e s  and in  a l l  th ree  
regions o f th e  mosquito ( f ig .  6 ). The oocysts appeared normal. They 
were compared w ith 7- and 8-day o ld  oocysts in  mosquitoes which were 
n a tu ra lly  in fec ted  (fig* 6)* There seemed to  be no h is to lo g ic a l ev i­
dence th a t  the mosquito developed any kind o f c e l lu la r  response to the
21
p a ra s ite*  A ll oocysts were c le a r  and th e re  m s  no in d ica tio n  o f a 
"w alling  off** response*
Oooysts were seen in  and on bundles o f s t r ia te d  muscles in  the 
thorax  ( f ig .  6 and 7 ), in  f a t  bodies ( f ig .  8 and 9), on the  ven tra l 
nerve ganglion ( f ig .  10), on sa liv a ry  glands ( f ig .  11), on trachea  
( f ig .  12), nex t to  th e  integument (fig* 15), on the  v e n tra l d iv ertio u - 
l \ m  ( f ig .  14), and on malpighian tubu les ( f ig .  15). A few oooysts 
were apparen tly  no t a ttach ed  to  any tis su e  but were free  in  the haemo- 
ooel. Ho oooysts were found a ttaohed  to  the stomach, although one was 
developing on the fo regu t and two on the v e n tra l diverticulum  ( f ig .  
14). These were the only  ones found on any p a r t  o f the d igestive  
system* The m ajo rity  were found in  o r a ttaohed to  f a t  bodies, 
e sp e c ia lly  near tracheoles*  More than h a lf  were developing in  the 
thorax* The head was included in  the  sec tions in  only two mosquitoes, 
and oooysts were seen in  th i s  region in  both in d iv id u a ls . One was de­
veloping in  the  area  between the  b ra in  and the ommatidla ( f ig .  18). 
Some were a ttached  to  the b ra in , and one in the th ir d  segment o f the 
m axillary  palp ( f ig .  17)* Sporosoites were demonstrated in  severa l 
oooysts ( f ig .  18 and 19)*
5* The re fra c to ry  to s t ,  Culex p ip len s .-  I t  i s  d i f f i c u l t  to  
determine the value o f an in v e s tig a tio n  p resen ting  negative resu lts*  
One ind iv idual mosquito showing an in fec tio n  i s  su f f ic ie n t  evidence 
to  in d ica te  su s o e p tib il i ty , but in  dealing  w ith  re fra c to ry  ind iv id ­
u a ls , i t  i s  impossible to  observe a s u f f ic ie n tly  large  number to 
a rr iv e  a t  the  conclusion th a t  under the same conditions they w ill
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always p resen t negative s u s c e p t ib i l i t i e s .  I t  n ig h t be possib le  with 
inproved techniques, a b e t te r  understanding o f the  p a ra s i te , and much 
higher concentrations o f  p a ra s ite s  to  have one o r a few ind iv iduals 
p resen t a m ild in fe c tio n . The rep o rt o f Williamson and Zone (1950), 
which in d ic a te d  th a t  a Oulex was su scep tib le  to  human m alarias, i s  an 
in d ica tio n  of th is  p o s s ib i l i ty .  Negative re s u lts  in  many experiments 
a re  o ften  as s ig n if ic a n t  as are re s u l ts  th a t  are  p o s it iv e . Valuable 
inform ation has been ob tained  from experiments p resen ting  negative 
re s u l ts ,  e sp e c ia lly  in  experiments w ith adequate c o n tro ls .
As was the  case w ith su scep tib le  mosquitoes, the surv ival ra te  
fo r the in je c te d  re fra c to ry  mosquitoes was very low, but su f f ic ie n t  
nus&ers survived to  be d isseo ted  and inoculated  in to  su scep tib le  chicks 
to in d ic a te  c e r ta in  conclusions.
Concentrated spo roso ites, obtained  from sa liv a ry  glands o f A* 
aegyp ti, were in je c te d  in to  the  haemocoels o f  851 £ .  p ip iens in  26 
separate  lo ts i  o f th ese , 176 (21.1$) survived to b® d issec ted . A ll 
surviving mosquitoes in  5 o f the experiments were ground up in  0.86 
per cent sa lin e  and inocu lated  in to  su scep tib le  ch icks. The in je c te d  
mosquitoes were allowed to feed  on normal suscep tib le  chicks before 
they were d issec ted  or ground up fo r  inocu la tions. The disseoted  
glands were in je c te d  in to  another su scep tib le  chick a f t e r  the micro­
scopic exam ination. No spo roso ites were found in the sa liv a ry  glands 
o f the  experim ental mosquitoes and none o f the chicks, e i th e r  inocu­
la te d  w ith  o r b i t te n  by the mosquitoes, became in fec te d . Typical 
in fe c tio n s  were produced in  these chicks when they were exposed to
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normal spo roso ites from A. aeg y p ti. Since b ird s  acquire  immunity during 
primary a tta c k s , th is  challenge would determine whether o r no t the ex­
posure to  the  experim ental mosquitoes had re su lte d  in  in fec tio n  and 
would a lso  e s ta b l is h  the fa o t o f s u s c e p t ib i l i ty  of the bird* Most o f 
these mosquitoes were in je c te d  w ith  spo roso ites from th e  same suspension 
as was in je c te d  in to  the  su scep tib le  mosquitoes* In the few lo ts  in  
which only re fra c to ry  mosquitoes were in je c te d , a sample o f  the sus­
pension was challenged as to  v ia b i l i ty  by inocu lations in to  suscep tib le  
chicks which produced ty p ic a l in fec tions*
There were 963 £• p lp iens in  34 lo t s  th a t  received  kaemocoel in ­
jec tio n s  o f oocysts in  the  same manner as did the A. aegypti * These 
mosquitoes seemed to  to le r a te  the oooysts b e t te r  than  the  A. aegypti, 
and the  su rv iv a l ra te  was higher* In a l l ,  221 in d iv id u a ls  ( Z Z % )  sur­
vived to  be d issec ted  o r inocu lated  in to  su scep tib le  chicks* Sporo­
so ite s  could not be found in  the  glands of those d issec ted  and no 
in feo tio n  was produced in  the inocu lated  chicks* The chicks were 
shown to be su scep tib le  by subsequent inocu la tions w ith  nonoal sporo­
s o i te s .  Whether o r no t the in je c te d  oocysts were able  to develop beyond 
the  stage a t  which they were in je c te d  was n o t determined. At any ra te  
they were unable to  develop s u f f ic ie n tly  to  produoe sporosoites* Some 
o f the oocysts were fu l ly  mature and ready to  rupture when they were 
in jected*
A to ta l  o f 1644 £ . p ip lens in  32 lo ts  was in je c te d  w ith in fec ted  
chicken blood w ith  a high percentage o f gamstooytes* These mosquitoes 
were l ig h te r  colored than  A. aegypti and the blood could be seen in  a l l
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p a rts  o f the  body as the  f lu id  was in je c te d . Only 78 (6.0$) mosquitoes 
survived the  time required  fo r  the completion o f the asexual cycle . 
Sporosoites could no t be demonstrated in the  d issec ted  sa liv a ry  glands 
and no in fec tio n s  were produoed in  chicks in je c te d  w ith these glands 
o r exposed to  the  b i te  o f these  mosquitoes before d issec tio n . Sub- 
inoou la tions were mad© from these chicks but w ith  negative re s u l ts .
They were a lso  proved to be susoeptibl© by subsequent inocu lations 
w ith normal sp o ro so ites .
(B). The Plasmodium f a l l  ax -  Aedes a l bop ic tu s  -  Culex pip lens 
combinations
I t  was possib le  th a t the  h o s t-p a ra s ite  combinations o f P. 
gallinaoeum w ith  A* aegypti and w ith C. pipions were unique and th a t 
the re s u l ts  pe rta ined  only to  these  combinations. Several o ther com­
b inations were considered. Experiment w ith a human s t r a in  was pre­
fe rre d  bu t the only s tr a in  av a ilab le  was the S t. E lizabe th  s tra in  of 
Plasmodium m alariae* and th is  had been blood-passaged fo r  so many 
years th a t  gametooytes were no longer p resen t in  s u f f ic ie n t  numbers 
to produce re l ia b le  in feo tio n  in  the mosquito* even from normal feed­
ings.
Of the  h o s t-p a ra s ite  combinations m aintained in th is  laboratory* 
those o f Plasmodium fa l la x  w ith Aedes albopio tus and P. fa l la x  w ith 
Culex pipiena seemed to  f u l f i l l  the experimental requirements b e s t.
From experience in  rou tine  in fec tio n s  here* only about 61 per oent 
of A. a lbopio tus exposed to  P. fa l la x  became in fec ted . This* o f
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course, does no t approach the  s u s c e p t ib i l i ty  o f  A. aegypti to  P. 
gallinaoeum* As f a r  as i s  known, £ .  p ip iens has never been In fec ted  
w ith P. f a l la x , and, In th i s  re sp ec t, i s  as w ell su ited  to  th is  se r ie s  
as i t  was w ith  P. gallinaoeum.
m m  OVMNIMMIIMWWMHM*
The ISA s t r a in  o f F. f a l la x  i s  w ell adapted to the  B e ltsv ille  
white tu rkey . The common chicken i s  su scep tib le  but requ ires about 
twice the inoculum o f p a ra s i te s  (blood) to  produce an in fec tio n  equal 
to  th a t  produced in  turkeys*
The experim ental procedures fo r  these experiments were the same 
as were used in  the P* gallinaoeum series*  There was a gradual improve* 
ment in  the  in je c tio n  apparatus and the handling of the experimental 
animals which was evidenced in  a gradual increase  in  ra te  o f survival* 
The surv ival ra te  in  th i s  s e r ie s  was 21,3 per cen t, conpared to  16*5 
per cent in  th e  f i r s t  experim ents, but the surv ival ra te  was approach­
ing the former figure  a t  the  end of the f i r s t  series*  The percentage of 
in fec tio n  fo r a l l  su rv iv ing  mosquitoes in  th is  experiment was 13*1, 
compared to  22*7 fo r the  P* gallinaceum  experiment* Since A. albopiotus 
was l i t t l e  more than one-ha lf as su scep tib le  to  P* fa l la x  as A* aegypti 
was to  P. gallinaceum , the in fe o t iv i ty  ra te  in  the experim entals was in  
accord* The in d iv id u a l in fe o t iv i ty  was much m ilder, as was evidenced 
in  the m icroscopioal examinations and in  the sm aller number of v e rte ­
b ra te  hosts which became in fec ted  from challenging b ites*
The su scep tib le  h o st, Aedes a lbop io tus*- There were 446 A* 
albopio tus in  16 lo ts  which were in jeo ted  w ith sporoso ites from sa liv a ry  
glands of norm ally in fec ted  mosquitoes o f the same species* Of these,
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142 (31.8$) survived to  be disseoted* Eighteen (12*6$) were positive  
fo r  spo roso ites in  the  sa liv a ry  glands* Sporosoites were no t numerous 
in  the  glands* and in  some oases could be detected  only in  the sta ined  
p repara tions which were made a f te r  the examination o f the fresh  m ateri­
als* Bo challenge was made o f the v ia b i l i ty  o f the fresh  glands. The 
b ird s  th a t  were exposed to  these mosquitoes before d issec tio n  fa i le d  to 
become infected*
Oocysts* varying in  age from 4 to  6 days following blood meal* 
were in je c te d  in to  666 (25 lo ts )  A. a lbop io tu s. Of these* 119 (11.8$) 
survived the time requ ired  fo r  sporoso ites to  be p resen t in  the sa liv a ry  
glands* Sporosoites were demonstrated in  19 (15*9$) o f these mosquitoes. 
The in fe c tio n  was heav ier in  these  glands than in  those o f the sporo- 
s o i te - in je s te d  mosquitoes* but was l ig h t  compared to  normally in fec ted  
mosquitoes. Two b ird s  exposed to  these in se c ts  before d issec tion  pre­
sented a very mild parasitem ia 18 and 22 days follow ing exposure.
In fec ted  blood having a high peroentage of gametooytes was 
in je e te d  in to  1292 A. albopio tus in  27 lo ts*  The surv ival ra te  fo r 
these mosquitoes was 16*0 p er cent (194 in d iv id u a ls )! of these* 21 
(10*8$) were p o s itiv e  fo r  sp o ro so ite s . Although the  sporosoites were 
more numerous than in  the above in je c te d  mosquitoes, the in fec tio n  was 
l ig h te r  than was noted in  mosquitoes in fec ted  normally* Three b ird s 
exposed to  the b i te s  o f the  experim ental mosquitoes before they were 
d isseo ted  developed m ild p a rasitem ias . Several o f the b ird s  used to  
challenge the f i r s t  experiments were chickens• Since turkeys were 
more su scep tib le  to  P* fa l la x  than  were chickens* the number o f 
in fec tio n s  re su ltin g  from exposure to  experim ental mosquitoes might
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have been h igher i f  turkeys had been used ex c lu siv e ly  as t e s t  animals,
2. The re fra c to ry  h o st, Culex p ip ie n s ,-  The re fra c to ry  host m s  
in je c te d  w ith  sporoso ites from the  same suspension as m s  used in  the 
su scep tib le  mosquitoes, A to ta l  o f 526 C. pip lens in  16 lo ts  m s  in* 
jec te d  and 126 (23,9$) survived to  be d issec ted , Susceptib le  b ird s were 
b i t te n  by these  mosquitoes before d isse c tio n , No sporoso ites could be 
found in  the  sa liv a ry  glands o f  the experim ental mosquitoes and no 
parasitem ia re su lte d  in the exposed b ird s ,
Oooysts, d isseo ted  from A, a lb o p ic tu s , were in je c te d  into both 
the su scep tib le  and re fra c to ry  mosquitoes, u su a lly  in  pa ired  lo ts .
There were 604 (24 lo ts )  £ . p lp iens th a t  were in je c te d  w ith oocysts, 
varying in  age from 4 to 8 days follow ing blood meal. Of these , 158 
(25,9$) survived the  time required  fo r  sporosoites to  be p resent in  the 
sa liv a ry  glands. The surviving mosquitoes were allowed to b ite  sus* 
eep tib le  b ird s  before the mosquitoes were d issec ted . No sporosoites 
were found in  the d issec ted  glands and none of the b ird s  became in fec ted , 
A to ta l  o f 1328 £ ,  p ip iens in  25 separate  lo ts  was in jec ted  w ith  
in fee ted  blood from the  same suspensions as were used in  the suscep tib le  
mosquitoes. There were 225 (16,9$) in d iv id u a ls  which survived the period  
of time requ ired  fo r sporoso ites to be p resen t in  the sa liv a ry  glands.
As was the case w ith o th e r experim entals, these were allowed to feed on 
su scep tib le  b ird s . Other b irds were inocu lated  w ith the sa liv a ry  glands 
a f te r  they  had been examined m icroscopically , Sporozoitee could not be 
found in  the  sa liv a ry  glands, and none o f the b ird s e i th e r  exposed to  
the b ite s  o f the  experimental mosquitoes o r inoculated  w ith th e i r  
sa liv a ry  glands became in fec ted .
DISGUSSXOH
At the p resen t tim e, most o f  the  d e ta ils  o f the exogenous l i f e  
cycles o f  most Plasmodium are known. The cycles fo r  the various 
species a re  so n e a rly  a lik e  th a t  i t  i s  most d i f f ic u l t ,  i f  no t im possible, 
to d i f f e re n t ia te  between the species on the  b asis  o f morphology o r in te r ­
v a ls  in  l i f e  cycles# Most species undergo changes in form a t  approxi­
m ately the same in te rv a l o f tim e, in  the  same t is su e s , and follow 
id e n tic a l courses in the m osquitoes. These fa c ts  are  so w ell known 
and taken fo r granted th a t  many workers have assumed th a t  l i t t l e  more 
inform ation could be gained in  s tu d ies  o f the  sexual cycles . A g reat 
deal of work has been devoted to  determining the re la tiv e  a b i l i t i e s  
of various srcsquitoes (e sp ec ia lly  Anopheles) fo r  serving as vectors 
o f m alaria . Much has been learned of th e i r  b itin g  h a b its , f l ig h t  
range, and host preferences# Although many of the fac to rs  th a t  are 
necessary fo r  a given species of mosquito to  become an e f f ic ie n t  o r 
im portant vector o f m alaria a re  known (G ill, 1921* King, 1911; Mayne, 
1917* Siddons, 1944), one im portant phase remains unsolved, i,#e#, the 
fac to rs  c o n tro llin g  the  s u s c e p tib i l i ty  o r n a tu ra l immunity of ce rta in  
species of laasquitoes to m alaria . In view o f the importance of th is  
problem, i t  was su rp ris in g  to fin d  th a t only a few in v es tig a to rs  have 
been concerned w ith  try in g  to  date m ine  these fa c to rs .
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Since th e  e a r ly  s tu d ies  on the  s u s c e p tib i l i ty  o f mosquitoes to 
Plasmodium have a d ire c t bearing  on th is  in v es tig a tio n , and since the 
find ings were p re re q u is ite  to the experim ental approach used in th is  
problem, & b r ie f  review o f the most im portant re s u l ts  i s  to b© desired* 
In  h is  f i r s t  in v es tig a tio n s  on the  in fe o t iv i ty  o f avian m alarias 
to  mosquitoes, Euff (1927) d isc lo sed  th a t  Plasmodium oathemerium could 
develop to  the ookinete stage in  re fra c to ry  A. aegypti as w ell as in 
su scep tib le  p ip ie n s* This work a lso  showed no apparent d ifference 
in  powers o r ra te s  o f d ig es tio n  o f blood in  the stomachs o f the two 
species of mosquitoes* The fa ilu re  o f c e rta in  ind iv idua ls  o f the 
suscep tib le  species to become in fec ted  was not due to  in su f f ic ie n t  
o r unequal d is tr ib u tio n  of the gametocytea, since they received from 
21 to  449 gametocytes per 10,000 red blood c e l ls ,  but ra th e r to an 
ind iv idua l d ifference  in  mosquitoes them selves. The v ia b i l i ty  o f the 
asexual forms, taken from the stomachs of the two species a t  varying 
in te rv a ls  o f tim e, were the same* Kicolaew and Yakowlewa (1929) 
found the ra te  o f d igestion  of asexual forms of Plasmodium vivax in  
the stomachs o f C* p ip ien s, Culex a laakaensia , Aedes s a l in e llu s , and 
Anopheles aacu lipenn ls to be the same, and the ookinete formation 
agreed w ith the experiments o f Huff*
Micks e t  a l  (1948) found no c o rre la tio n  between e x fla g e lla tio n  
and jgH in  the  stomachs of several apeoi©3 of mosquitoes, but re fe rred  
to  a " p a r t ic u la r  chemical fac to r"  p resen t in  tho stomachs of C ,  p ip iens 
which g rea tly  a c tiv a te d  the gametooytes o f Plasmodium relio tum  to 
e x fla g e lla te  and complete f e r t i l i z a t io n ,  and a s im ila r fac to r  in  A.
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aegypti and Anopheles quadrim aoulatus which In h ib ited  th is  process.
Huff (1929 and 1931) showed th a t  inheren t h e red ita ry  character­
i s t i c s  were im portant fa c to rs  in  the  s u s c e p t ib i l i ty  o f  an indiv idual 
mosquito to  a given species o f m alaria . By se le c tio n , he was able to 
influence the  s u s c e p t ib i l i ty  of £ . p ip iens to  P. oa theme rium. An in ­
crease in  the  percentage o f su scep tib le  in d iv id u a ls  followed se lec tio n  
from in fe c te d  females and a decrease followed se lec tio n s  from uninfected 
ones. Had b isexual se lec tio n s  been p o ss ib le , he be lieved  th a t e n tire ly  
re fra c to ry  s tr a in s  could have been derived from the o r ig in a l stock 
showing 40 per cent in fe o t iv i ty .  The s u s c e p tib i l i ty  behaved as a 
simple recessive  Hendelian c h a rac te r. Storey (1932) demonstrated 
th a t  the  a b i l i ty  o f an in se c t to  transm it a p lan t disease was in h e rite d .
In 1927 Huff noted th a t  some in d iv id u a ls  o f  suscep tib le  species 
o f mosquitoes f a i le d  to  become in fec te d  w ith P. oathemerium even when 
they received thousands o f  gametocytes. Any chance combination o f 
environmental conditions responsib le  fo r  th is  escape from in fec tio n  
was ru led  ou t, since a l l  were m aintained under iden tica l conditions.
He stud ied  th is  ind iv idual immunity in  1930 by means of consecutive 
in fec tiv e  feedings on the  same species o f m alaria , w ith the re s u lts  
th a t  each ind iv idua l e ith e r  became in fec ted  from each feeding o r  f a i le d  
e n tir e ly  to  beoome in fec ted  (2 exceptions out o f 60). When several 
species o f p a ra s ite s  were used, l i t t l e  o r no c o rre la tio n  ex is ted  between 
the s u s c e p tib i l i ty  o f in d iv id u a ls  to one species and th e i r  su s c e p tib il ity  
to  o th e rs . The Ind iv idual s u s o e p tlb il i ty  to  a given p a ra s ite  was im­
mutable bu t was sub ject to  change, through se lec tio n , in the case of
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th e  speciea as & whole.
The work reported  here has n e ith e r  been concerned w ith in d i­
v idual immunity nor w ith  acquired  immunity, i f  there  be such in  mos­
q u ito es . Roubftud and Meager (1934) reported  th a t  ru ra l s tra in s  of 
C. p ip ien s, constan tly  exposed to  P. re lic tum , acquired an immunity 
n o t apparent in  urban s tra in s  which ra re ly , i f  ever, were exposed. 
This might w ell have been a tt r ib u te d  to  the n a tu ra l se lec tio n  of 
Huff (1929 and 1931). n ev e rth e le ss , in v es tig a tio n s  on n a tu ra l im­
munity o r s u s c e p tib i l i ty  o f  species as a whole a re  concerned w ith 
fac to rs  responsib le  fo r  ind iv idua l su s c e p tib i l i ty , since these same 
fac to rs  may be involved in  species in fe o t iv i ty .  The fac to rs  th a t 
are in h e rite d  which cause a su scep tib le  species o f mosquito to  in ­
crease or doorcase in  s u s c e p tib i l i ty  through se lec tio n  also  are  o f 
g rea t importance to  anyone seeking the oause o f innate  immunity o f 
species. The fa c to rs  th a t  a re  in h e rite d  could be the answer.
Huff (1934) su b s ta n tia ted  the find ings o f some o f h is  e a r l ie r  
works by more e labo ra te  and d e ta ile d  s tud ies  using h is to lo g ic a l pro­
cedures. In th is  study he found th a t  the zygote degenerated and died 
in  the stomach w all o f  re fra c to ry  mosquitoes and no development p ast 
th is  stage was ever no ted . I t  was th is  experiment th a t  was prerequi­
s i te  to  the  experim ental approach of the in v es tig a tio n  reported  here. 
Since he found degenerating zygotes in  suscep tib le  mosquitoes a lso , 
he concluded th a t  the same mechanism might be concerned in  k i l l in g  the 
zygote in  each species o f mosquito, the d ifference  in action  being one 
o f  degree. He believed  th a t  the death  of the zygote in  the stomach
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v a il was n o t duo to  looal immunity, Th® result®  reported  here preyed 
th a t  p o in t.
I t  was evident th a t  the  s tu d ies  above have revealed several 
fa c to rs  th a t  co n trib u te  to  s u s c e p tib i l i ty ,  they have ru led  out o ther 
agents, and they have demonstrated the  end po in t in  the normal develop­
ment o f the  p a ra s ite  in  re f ra c to ry  mosquitoes. Since the ultim ate 
po in t o f development had been a sce rta in ed  in the re fra c to ry  host, i t  
was evident th a t  the problem should be attaohed  by o ther methods. Huff 
(1934) in d ica ted  se ro log ioa l s tu d ie s , in  v itro  stud ies of c u lic id  blood, 
and b leeding and in je c tio n s  of mosquitoes as possib le  avenues of approach, 
but concluded th a t  suoh procedures awaited development o f new techniques.
Since the  sygote had been shown to  degenerate and die in the 
stomach w all o f re fra c to ry  m osquitoes, i t  seemed lo g ica l to  approach 
the problem o f  innate  immunity by determining the ro le  o f the stomach 
w a ll. I f  th is  t is su e  were by-passed o r e lim inated  from the cycle o f 
the p a ra s ite  by in je c tin g  the p a ra s ite  d ire o tly  in to  the haeraocoel of 
the mosquito, an estim ation  of i t s  value in e i th e r  the development o r 
the  in h ib itio n  o f the  p a ra s i te  could be determined. The tis s u e s  o f the 
stomach o f re fra c to ry  mosquitoes could e f fe c t  the death of the p a ra s ite  
b u t, were the  causes lo c a liz e d  in  th is  tis su e ?  I t  was a lso  evident 
th a t  the stomach tis s u e s  o f su scep tib le  mosquitoes nourished the para­
s i t e  bu t, were they e s se n tia l  to  itB  development? Were the n u tr i t iv e  
elements confined to these  c e lls ?  I f  the causes o f death were in 
e f fe c t  only in  th is  t is s u e , p a ra s ite s  introduced beyond th is  organ 
might be able to  develop in  re fra c to ry  mosquitoes. I f  the stomach
n a i l  o f  su scep tib le  mosquitoes wore e s se n tia l  to the  p a ra s i te , para­
s i t e s  in troduced d ire c tly  in to  the  h&emocoel would e i th e r  a tta c h  to 
th is  t is s u e  o r die*
I t  seemed reasonable to  assume th a t  sporoso ites from sa liva ry  
glands o f norm ally in fec ted  mosquitoes could liv e  and remain viable 
when tran sp lan ted  in to  the h&emocoel o f a mosquito o f the same species* 
the  sporoso ites undergo no fu r th e r  d iv is ion  o r development, they are 
the mature stage o r end product o f the sexual cycle, and, to  a degree, 
may be comparable to  the re s tin g  or in feo tio u s forms of o ther parasites*  
The o th er stages , from gametocytas to  mature oooysts, undergo suoh v ast 
changes th a t  th e i r  requirem ents and a lso  to le rances are probably much 
more exacting* The sporozoite was p ast the stages th a t  were supported 
by the stomach w all. In the  h&emocoel o f the new host i t  had only to  
re tra c e  i t s  m igration to the  sa liv a ry  glands* There seemed to be only 
one th ing  th a t  might prevent an in fec tio n  in  th© new host* Had the 
sa liv a ry  glands of the  o r ig in a l host a lte re d  the sporozoite in  any way? 
The re s u lts  show th a t  th© sporoso ites were able to  survive and remain 
v iab le  in  the  new host, and ev iden tly  no change had been e ffec ted  by 
the sa liv a ry  glands of the donor th a t  would prevent th e i r  a b i l i ty  to 
re in fe c t the glands*
I f  any one stage o f the exogenous cycle could have to le ra te d  
the environment in  the h&emocoel o f re frac to ry  mosquitoes, the sporo- 
so ite  seemed b e s t qua lified*  The re s u lts  ind icated  th a t  they were 
unable to  surv ive. Apparently the forces th a t  adversely  a ffeo ted  
the  p a ra s ite  in  the stomach w all were ac tiv e  in  o th e r p a rts  o f the
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body. This f a i lu re  to  survive was a s l ig h t  in d ica tio n  o f the type of 
immunity th a t  might be p resen t. I f  the  immunity had been caused by 
the  laoic o f required  n u tr i t iv e  elem ents, the sporozoite  -would have had 
a b e t te r  chance o f su rv iv a l than i f  a n ta g o n is tic  fo rces were responsi­
b le .
Since i t  was shown th a t  the p a ra s ite s  were capable o f develop­
ing from gametooytes to  in fec tio u s  sporoso ites in  both species o f 
su scep tib le  mosquitoes, i t  would appear th a t  a l l  o f  these stages found 
approxim ately the  same conditions in  the in je c te d  su scep tib le  hosts as 
were p resen t in  the donor o r norm ally in fec ted  mosquitoes. Therefore, 
they were able to complete th e i r  oyoles and produce in fec tio u s  sporo­
so ite s  in  the sa liv a ry  glands. The experiments in d ica ted  very l i t t l e ,  
i f  any, re ta rd a tio n  in  p a ra s ite  development in  the  in je c te d  mosquitoes. 
Transplanted oooysts produced spo roso ites in  the sa liv a ry  glands a t  
the  same time they  were f i r s t  ev iden t in  the glands of the donor's cage 
mates. The time required  to  produce sporoso ites from in fec ted  blood 
which had been in je c te d  in to  haemocoels of su scep tib le  hosts was the 
same as required  fo r  n a tu ra l in fe c tio n s . This demonstrated the a b i l i ty  
o f a  p a ra s ite  to  adapt to unusual o r abnormal cond itions. Because an 
organism responds in  a constan t manner o r follows a d e fin ite  course 
under normal circum stances, i t s  behavior i s  frequen tly  taken fo r 
g ran ted . A fter the normal a c t iv i t ie s  are  known, ad d itio n a l inform ation 
i s  frequen tly  exposed by observations of abnormal and o f normal a c tiv ­
i t i e s  in  d if fe re n t environments. In these experiments the mosquitoes 
were the  " t e s t  tubes" and the  p a ra s ite s  were subjeoted to abnormal
(renditions. The re s u l ts  have given a  b e t te r  understanding o f both the 
p a ra s i te  and the  host, w hich  may be o f  value in  a ttac k in g  the major 
problem o f  n a tu ra l immunity.
The demonstrations o f the  oocysts in  the various body tis su e s  of 
the  mosquito in  s e r ia l  sec tions e lim inated  a source fo r  c r i t ic is m  of 
the experiments employing the production o f sporoso ites in  the sa liv a ry  
glands as evidence of development, jUe** th a t  some p a rt o f the d igestive  
system, e i th e r  fore gut o r d iv e r tic u la , might have been acc id en ta lly  
damaged during in je c tio n s  in  th e  few mosquitoes p resen ting  p o sitiv e  
resu lts*  Had th is  been tru e , oooysts would have been found only on 
the  stomach w all as in  n a tu ra l in fec tions*  This evidence a lso  ruled 
out the p o s s ib i l i ty  th a t  ookinetes in  the haemocoel sought out and 
developed only on the stomach w all, thereby in d ica tin g  i t s  s ig n if ic a n t 
nature* In many in stances i t  becomes necessary fo r  an in v es tig a to r  to 
perform d i f f ic u l t  o r  e labo ra te  experiments to  demonstrate a fa c t  of 
which he has been convinced* I t  was known th a t  the in je c tio n  needles 
were not damaging the  d igestive  system* Experimental mosquitoes, 
d issec ted  immediately follow ing in je o tio n s , showed no damage to  th is  
system and no red blood c e l ls  could be found in th ia  system* Mos­
quitoes in je c te d  w ith  blood have not been able to  produce eggs, 
in d ica tin g  th a t  blood did  no t e n te r  the  stomach* This, together w ith 
carefu l observations while the mosquitoes were being in jeo ted , was 
assurance th a t  the d igestive  system was by-passed.
The re s u l ts  o f the in je c tio n s  o f gametocytes and oooysts in 
re fra c to ry  hosts  were more d i f f i c u l t  to  in te rp re t  than were the  re s u l ts
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in  su scep tib le  mosquitoes* I t  i s  exceedingly d i f f ic u l t  to  evaluate 
negative  re su lts*  Since th e re  are  reasons fo r such re s u l ts  ju s t  as 
there  a re  reasons fo r  those th a t  a re  p o s itiv e , they should be analysed* 
A ll o f the  stages in  the exogenous oyole o f the p a ra s ite s  were given 
the opportun ity  to  l iv e  and develop beyond a po in t whioh prevented such 
development under n a tu ra l cond itions, but none was able to  develop.
The only p o s itiv e  deductions th a t  oould be made were th a t  no stage 
developed s u f f ic ie n tly  f a r  to produce v iab le  sporoso ites in  the s a l i ­
vary glands and th a t  the  mechanisms denying th is  development were not 
lo c a lise d  in  the stomach w all of the  insects*  No attem pt was made 
during th is  in v es tig a tio n  to determine whether the mechanisms responsi­
b le  fo r the fa i lu re  o f th e  p a ra s ite s  to  develop were a tre p tic  or 
a n t ib la s t ic  types o f immunity, o r combinations o f  both. I t  was not 
shown whether the  stages th a t  were in je c te d  were ab le  to  extend th e i r  
development to any degree or whether development was a rre s te d  immedi­
a te ly , The su rv ival ra te  o f the experimental mosquitoes was so low 
th a t  i t  was considered unwise to  s a c r if ic e  the few th a t  liv ed  to 
determine such development, but to aw ait the  production of sporoso ites 
as evidence o f complete development.
In  view of th e  development o f a l l  exogenous stages o f the  para­
s i te s  w ithout stomach w all a sso c ia tio n s  in  the haemoooels o f su scep ti­
b le  mosquitoes and the  v isu a l proof o f oocysts developing in  various 
body t is s u e s , i t  was evident th a t  the stomach w all was not e s se n tia l  
to  the p a ra s i te .  In n a tu ra l in fe c tio n s  the stomach w all was eimply 
the  f i r s t  im portant asso c ia tio n  between the p a ra s ite  and the h o st.
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To the same ex ten t, since no p a ra s ite s  were ab le  to  survive in  the 
environment o f the haemoooel of the  re fra c to ry  mosquitoes even 
though there  was no d ire o t  a sso c ia tio n  w ith the stomach w all, i t  
was o lea r th a t  the forces responsib le  fo r the death of the p a ra s ite s  
were no t confined to  the  stomach w a ll. In n a tu ra l in fe c tio n s , the 
stomach w all was merely the  f i r s t  con tac t between the p a ra s ite  and 
the in h ib ito ry  fo rces .
SUMMARY AND CONCLUSION
The rela tionships between the stomach well of mosquitoes and 
the  exogenous stages of m alarial parasites were evaluated by eliminating 
the  p o ss ib ility  th a t the stomach wall could partic ip a te  in  the develop­
mental eyele of the parasite* the various stages of Plasmodium 
gallinaceum from gametooyte to  sporosoite were in jected  d irec tly  in to  
the haemocoels of both susceptible Aedes aegypti and refractory  Pules 
pipiens* A ll of these stages were able to  develop and produce in­
fective  sporosoites in  the susceptible host* Of the 2704 susceptible 
mosquitoes th a t were injected* 22*7 per cent of the  248 individuals 
th a t survived were infected* Ho infection  resu lted  in  478 individuals 
surviving from 9488 refracto ry  mosquitoes which were in jected .
Since the resu lts  obtained in  the host-parasite  combinations of 
P* gallinaceum with A. aegypti and with jC* pipiens could have been due 
to  unique relationships* Plasmodium fa llax  with Aedes albopiotus and 
with £* pipiens was tested  by the same methods* A to ta l  of 2404 sus­
ceptib le A* albopiotus was injected with the various exogenous stages of 
P. fa llax j of these* 18*1 per cent of the 455 individuals th a t survived 
were infected* None of the 489 refractory  £* pipiens surviving from 
2458 injected individuals became infected*
Serial sections were made from susceptible A* aegypti which had
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been in je c te d  w ith  gametooytes o f £• gallinaceum  in  o rder to  demon­
s t r a te  the  s i t e  o f the  developing oooysts In the haemocoel. Oooysts 
were found in  a l l  body regions and in  most t is su e s  o f the  mosquitoes, 
independently o f the  stoma.oh wall*
In view o f the  complete development o f the exogenous stages in  
the haemocoels o f  susoep tib le  mosquitoes w ithout d ir e c t  a sso c ia tio n  
w ith  th e  stomach w a ll, and the demonstration of the  oocyst in  o th e r 
body t is s u e s ,  i t  i s  ev iden t th a t  the re la tio n sh ip  between the  p a ra s ite  
and the stomach w all i s  no t e s se n tia l  to  the development of the  para­
s i t e ,  In re fra c to ry  mosquitoes the fa c to rs  th a t  oause the death of 
the p a ra s i te s  are  not confined to  the stomach w a ll, since the exogenous 
stag es fa i le d  to  develop even though the  n a tu ra l c r i t i c a l  t is s u e s  were 
by-passed. The c e l ls  o f the  stomach w all were merely the f i r s t  i n t i ­
mate a sso c ia tio n  between the p a ra s ite  and the  new h ost.
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TABUS I .  Comparison o f  the sporozoite  development in  sa liv a ry  
glands of su scep tib le  Aedes aegypti and re f ra c to ry  Culex 
p ip len s, in je o te d  w ith various stages o f the sexual 
cycle o f Plasmodium gallinaoeum .
Aedes1 aegypti Culex p ip lens
Stage o f 
p a ra s ite  
in je c te d
Sporo-
so ite Oooyst
Gama-
tooyte
Sporo­
zo ite Oooyst
Gaiue-
tooyte
Sumber 
o f 
lo ts
16 31 20 26 34 32
Number
in je c te d 467 973 1264 831 963 1644
Humber 
surv iv­
ing *
142
(30.4/i)
166
( 1 6 % )
60
(3 .9^)
176 221
(22.9?S)
78
( 3% )
Number
p o sitiv e  
fo r spo­
re so i  te e
29
(20.4^)
87
( 2 3 , 7 % )
12
(24?b)
0 0 0
* A ll surv iv ing  mosquitoes were d issec ted .
TABli. II* Tabulation o f in fec tio n  In s e r ia l  sec tio n s o f su scep tib le  
Aedes aegyptl which had been in  looted  wit'h gamotooytes from a 
b ird  in fec te d  w ith Plasmodium galltnaoeuou
Number
of
mosquitoes
in jeo ted
Number
o f
mosquitoes
sectioned
Number
w ith
oocysts
Age
o f
oocysts
Per
cent
p o s itiv e
Case
mates
surviv­
ing
Number 
p o s it iv e  
fo r  spo ro­
s e t te s
56 18 1
(6 .6£  )
64
19 9 7 47*5
17 7
14 8 8 57,1 (41.154)
62 19 6 8 51,5 19 6
(31.650
IABIE I I I .  Comparison of the sporoioite development in salivary 
glands of susceptible Aedes albbplotus and refractory  Culex 
piplens. Injected with various stages of the sexual 
oyoXe of Pluniodj/upi
Aedes albopictus Culex piplens
Stage of 
parasite  
injeoted
Sporo-
so ite Oooyst ©
II Sporo-
zoite Oocyst
Game-
tooyte
Number
of
lo ts
15 25 27 16 24 25
Humber
Injected 446 666 1292 526 604 1326
Number 
surviv­
ing •
142 
(SI. 855)
119
(1T.8J5)
194
(16#)
126
( 23 , 9%)
138 225 
(22*8#) (16*9#)
Humber 
positive 
for sporo- 
soites
18
(12.8J&)
19
(16.9J4)
21
(10*8#)
0 0 0
* Surviving mosquitoes were dissected*
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F if . 1. Vacuum flask  for harresting pupae*
*
F ig . 2 . i l ic r o p ip e tte  n eed le  fo r  moeqiuito in j e c t io n s .
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In
ac
tio
n 
of 
Ae
de
s 
ae
gy
pt
l
CONTROL
Natural Blood 
Meal
Ovanes
EXPERIMENTAL
Oocyst on Stomach Wall
Injection of 
Infected Blood
Oocyst on 
Striated Muscle
Oocyst in 
Head
Oocyst on 
Ventral Ganglion
Oocyst on 
Malpighian Tubule
-Oocyst on 
Integument
Fig* 5* C om parison  o f  o o c y s t  d evelopm en t i n  n o rm a lly  i n f e c t e d  and  i n j e c t e d  
m o sq u ito e s  (d ia g ra m m a tic )*
<o
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Fig 6. Qooyst (8-day) near s t r ia te d  muscle. X 520.
/  V '
* < t
F ig . 7 . Oocyst (8-d ay) in  s t r ia te d  m uscle. X 312.
SI
Pig* S. Two oocysts (7-day) in  thorax  o f  Aedes aegyptl 
X 160* —— ■' “
Fig* 9* Oocyst (7 -d ay) in  f a t  body In abdomen* X 312*
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F ig . 10. Oocyst (8-day) on v e n tra l nerve ganglion. X 912
F ig . 11 . Oocyat (8 -day) on sa liv a r y  gland. X 312.
68
n*. 1 2 , O ooyst ( 8-d a y )  on tra o h e o l®  and  f a t  b o d y . 
X 512.
F ig . 13. Oooyst (8 -d ay) on intogumont. X 620*
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Fig* 14. Oooyst (8-day) on v en tra l d iverticulum . 
X 620.
F ig . 16. Oooyst (8-day) on malpighian tubule# 
X 620.
W *. 16* Oooyst (8-day) In head, near ommatidia. 
X 812,
Pig# 17, Oocyst (8-day) in  th i r d  segment o f m axillary  
p a lp . X 812.
66
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Fig* 18* Oooyst (8 -day) in  haemocoel o f abdomen* 
X 520*
F ig . 19* Oooyst (8-day) in  f a t  body near traoheole; 
note sporosoites* X 520*
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